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山形鋼高力ボルト接合部の突出脚への並列材付加による乾式補強
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Retrofit with welding makes the construction impractical because it should pay attention to prevention of fire. In 
this paper， fundamental experiments on a non-fire strengthening method for bolted angle brace connections were 
carried out. The test results show that the additional bolted member increases the ultimate strength and its increment 
strongly depends on distance between the 1st existing bolt and the 1st joint bolt. Moreover， itindicates that the 
distance has to be 1.5 times or more of the width of the angle cross section in order to maximize the ultimate strength 
of the connection. 
























が活発に行われている 5)---8)など， 既存ボルト (existingbolts)より前方の突出脚に穿孔し，その孔を利
著者らは，既報9)などにて山形鋼ブレースの高力ボルト接合部を対 用して並列材と既存材の突出脚同士を高力ボルト摩擦接合(連結ボ
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Fig.4 Requirement of the effective length of the leg plate 
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保有耐力接合に必要となる突出脚有効率 rreqをFig.4に示す，突
出脚有効率 rreq は，使用鋼材を SS400材として接合部係数 α を















(a) )の破断である この場合の有効断面破断耐力 j(I)PUは，引張強
さσuと図中の記号を用いて表せる




の条件を満足させるのに必要な突出脚有効率rreqとする，なお，本 1 d 併
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Fig.5 Fai lure modes after seismic retrofit 
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Fig.7 Test setup & measurement plan 
Table 1 Material properties of steel used for specimen 
~ σ y σu Y.R εu Phase |前回n'l間/mm'l [%] [%] 
1， I 316 447 71 36 
L75x6 
皿 309 434 71 24 
SS400 
L后5x6 田 322 415 77 26 




Table 2 List of test specimen and test results 
detaiIs of test specimen test results & failure modes 
phase I dxfl l x l e l p P， Yy Pmax rmax failure mode observed after the tests specnn口1 I [miI nbo/t I[~n] I[l';n] I[~] [kN] [-] [kN] [-] 
142 0.32 225 0.44 E 
140 0.30 257 0.60 E 
30 I 60 lim 0.25 
140 0.30 251 <l2U E 
143 0.33 
87 -0.07 135 -{}.OI edge 
30 I 60 1i143 0.33 252 0.57 edge +E 
143 0.33 271 0.67 edge 
142 0.32 220 0.41 E 
30 I 60 lim 0.28 268 0.65 E 
146 0.35 293 0.78 J 
|75 X 6| i-=i 0.09 157 0.10 bo1t fracture 
40 1 60 1~ 0.28 255 0.59 E 
161 0.45 260 0.61 E 
163 0.47 299 0.81 J 
189 0.68 279 0.75 E 
40 1 60 1~ 0.72 322 0.97 EJ 
206 0.80 345 1.09 J 
198 0.74 342 1.07 J 
←→ I 60IH; 0.59 243 0.87 E II 40 1 1 155 0.60 255 0.94 EJ 
173 0.75 282 1.11 J 
251 0.55 406 0.74 E 
50 I 70 I 278 0.68 467 0.95 EJ 





















































P[kNl P[kNl J4 P[kNl 4L 4 400十 400 400 :i Jr II75 3 +90 300 300 
200 200 200 200 
100 100 no retrofit 100 no retrofit 100 
d [mml δ[mml d [mml d [mml 。 。 。
10 20 30 10 20 30 10 20 30 。 10 20 30 
(a) 1 75_3_ -30 (b) 1 75_3_ +30 (c) n 75_3_+90 (d) m 75_3_+60 
m lE53}lm44 
P[kNl ''f川] 山瑚 IP:ム品400十 / 400 "l 300iん'一 300 200 t~ 200 
200 200 
no retrofit no retrofit 100l no re佐ofit 100 
100 
d [mml δ[mml d [mml d [nnnl 。。 10 20 30 10 20 30 。 10 2日 30 。 10 20 30 
(e) m75_3_+120 (f) m75_3_+150 (g) m65_3_+30 (h) m 65_3_ + 120 




II90 3 +140 200 
200.:1 ¥ III90_3_ +35 200 
no retrofit 
100t 100 100 
d [mml d [mml no retrofit d [mml δ[mml 。 。
10 20 30 10 20 30 。 10 20 30 。 10 20 30 
(i) m90_3_+35 (j) m90_3_+140 (k) 175_2_+30/+90 (1) n 75_2_+30/+90 
Fig.9 Relationships between force and deformation with comparison to no retrofit specimen 
































離x は -30 ~ + 1 50mm までの範囲で6種類を設定し，最大耐力に及





名称は， fUI75 3 +150Jのように f実験時期 ・断面幅ーボルト本
数一距離xJと表記する











違いを考察する (Fig.9(a) ~ (f)) .実験時期ごとに比較すると，第l
期 ((a)~(c )) と第3期 (( d)~(f)) のそれぞ、れで、距離x が大きくなる
に従って最大耐力が上昇していることが分かる，また，最終的にき
3 実験結果と考察 裂が確認された位置は，補強なしゃ距離x~ 30mm以下では第一既







川も掲載している図は 体I753 -30と， +30mm(前方)とした試験体I753 +30では，最
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Fig.10 The yielding strength normal ized by that of the no retrofit specimen 
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でも 15%程度である 一方，既存ボルト 2本の降伏耐力の上昇
(Fig.10右)は，はしぬけ破断に至った試験体(企)で64%，有効断面



































(a) at the e I ast i c range (p ~ 50 kN) 





































(c) at the u I ti mate str ength (Pm四)
Fig.12 Strain distribution around the bolt hole 
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Fig.13 The maximum strain around the 1st bolt hole of both existing and joint 
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Fig.14 Effective length of leg plate obta川edfrom the tests， and comparison with calculated results 














み集中がみられる また，各試験体の最大ひずみらaxは1.5~ 2.0% 集中の程度を表しており，定性的な傾向を表したものである，
であり，使用鋼材の降伏ひずみ (li
ma
)土1.68%)にほぼ達しているこ 標準断面L75x6(Fig.13 (a))では， Fig.12と同様，距離xが大きく
とから，この付近を降伏耐力として評価することは妥当であると言 なることにより，第一既存ボルトにおける最大耐力時のひずみ(・)
える，さらに，降伏耐力時においても弾性時と同様，補強の有無， は減少し，第一連結ボルトにおける最大耐力時のひずみ(口)が増加






x ~ +120mm以上では第一連結ボルトにひずみ集中が生じている 最後に，2.1.2項で導出した有効断面破断耐力の評価式と実験結果
























3.4. 2 モードEの破壊モードに移行させるために必要な距離x 構造研究助成事業「補強材を並列付加した山形鋼ブレース端接合
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Seismic retrofit has been achieved for the buildings constructed before 1981， and its effects on the improvement to avoid co11apse due to an 
earthquake are reported in the past investigation. Public office， school buildings and gymnasium were retrofitted as priority to secure disaster 
prevention base in the city. However， itis pointed out that the damaged commercial facility and factory lead to the terrible economic loss in 
the 2011 Tohoku great earthquake. Although seismic retrofit is needed for factories with lack of seismic performance， the continuous operation 
causes many temporal and spatial restriction. Especia11y， retrofit with welding makes the construction impractical because it should pay 
attention to prevention of fire. Fundamental experimental study on a non-fire strengthening method for bolted angle brace connections were 
addressed in this paper. In other words， monotonic loading tests were carried out to investigate the effects of the proposed retrofit method. 
The proposed method in this paper is that the additional member is attached to the existing angle brace by new high strength bolts， the joint 
bolts. First of a1， the ultimate strength for the two expected failure modes was established to select the test parameters. The expected failure 
mode I isfracture occurred not only at the existing bolt hole but also at the joint hole， and including the diagonal failure line from the existing 
bolt hole to the joint bolt hole. The failure mode I is fracture occurred at the joint bolt hole only because the joint bolt is located far enough 
from the existing bolt hole. It indicates that the position of the joint bolt from the existing bolt is an important parameter to determine the 
failure mode of the retrofit method. 
The test results showed that the additional member increases the ultimate strength ofthe existing bolted connection. The effects depend on 
the position of the joint bolt and the ultimate strength increases according to the distance from the existing bolt to the joint bolt， the joint 
distance x. And although the ductile crack was observed around the 1 stexisting bolt in specimen with short joint distance， the position of the 
crack was changed to around the 1 stjoint bolt in specimen with wide joint distance. It indicates that the failure mode is changed to the 
failure mode I1. The increment ofultimate strength was nearly constant in the failure mode I， and it means that the retrofitted connection is 
able to reach the maximum strength. Based on the test results with a scatter ofmaterial strength on cross section， itis found out that the joint 
distance has to be 1.5 times or more of the width of the angle cros section in order to change the expected failure mode to mode I， and to 
maximize the ultimate strength of the bolted connection 
(2018年9月1日原稿受理。 2018年 11月21日採用決定)
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